Introduction
In the past 10 years aortic valve repair has become an increasingly popular alternative to aortic valve replacement, both for the treatment of aortic regurgitation and ascending aortic aneurysm. An increasing number of publications have appeared by an increasing number of surgeon groups; many of these publications deal with aortic valve repair like replacement: usually no details of the valve pathologies or procedures are described. An existing functional classification of aortic regurgitation has frequently been quoted, 1, 2 giving the appearance of very standardized and reproducible operations. On the other hand, without details of the procedures the results are far from reproducible. Others propagate technical details such as a specific type of root repair 2, 3 or a certain way of dealing with cusp prolapse. 2 Upon reading these publications one gets the impression that a good and reproducible result will be obtained only if a specific technique is used. Aortic valve repair, however, is more complex than that! 4 Aortic valve repair does not deal with a single technique, but similar to mitral repair, a specific philosophy must be adopted or developed and applied in a standardized fashion. The author has gone through a long learning curve, not only in practicing aortic valve repair but also in teaching it. The core of the philosophy is summarized in 10 commandments.
Be Prepared!
Twenty years ago some surgeons started out performing aortic valve repair or valve-preserving surgery using eyeballing or "surgical judgment" as their only guidance. Depending on their degree of self-reflection they simply continued or practiced "learning by doing." This was sufficient for the early phase of aortic repair and in the absence of objective information. In the meantime, the situation has changed. More objective criteria have been introduced and their role has been established, such as annular diameter, effective height, and geometric height. [5] [6] [7] [8] [9] Additional information is coming out continuously on specific aspects such as the fate of pericardium if used for cusp replacement 10 or details of designing different repair strategies for bicuspid valves. 11, 12 In other words, aortic valve repair is continuously changing. New information is available and will be in the next years, facilitating selection of the appropriate substrates and the choice and conduct of the best operative technique.
Before starting aortic valve repair the surgeon should familiarize herself or himself with the up-to-date knowledge in this field. Attending teaching courses will help in addition; even though the difference in philosophies may appear confusing at first sight, it will be possible to determine common denominators that underlie different concepts of aortic valve repair. Even though there are different ways of learning, probably one of the most effective in human civilization has been learning from a "master," in other words, a professional with more experience and expertise. Despite the instant availability of information through presentations, publications, and other, commonly Internet-based, information sources, this still holds true. Thus, an effective way of preparing oneself mentally for aortic repair is a more or less close contact with an experienced colleague who can explain concepts and help in minimizing the learning curve that is to be expected.
Know the Geometry of the Aortic Valve (and Its Morphologic Subtypes)
Similar to mitral repair it is important in aortic repair that the surgeon understand the normal form of the aortic valve. This is more complex for the aortic valve since it exists in different variants including unicuspid, bicuspid, tricuspid, and quadricuspid (other variants can be ignored). Each type has its own geometric characteristics, which have to be known in order to understand the preoperative pathology and also possible repair strategies. The majority of candidates for an aortic repair or valve-sparing operation will have tricuspid anatomy; roughly a third will have bicuspid aortic valves (BAVs), which express a marked variability in form. [12] [13] [14] Especially in young patients unicuspid valves are more frequent than generally believed, simply because the echocardiographic characteristics are often missed. [15] [16] [17] Quadricuspid valves are frequent in truncus arteriosus and rare in normal cardiac anatomy 18 ; on the other hand, repair approaches are particularly important in truncus, which usually requires surgery at neonatal or infant stage.
To repeat the anatomic characteristics of the most frequent variant, the tricuspid aortic valve (TAV), 19, 20 would be beyond the scope of this paper. Important parameters are sinotubular (ST) and annular diameter, geometric and effective height of the cusps, and commissural height (Fig. 1) . [19] [20] [21] While this sounds seemingly simple, the 3-dimensional form of a normal TAV is so complex that only a few groups are able to reproduce it in a computer simulation model. 21 BAV is much more complex because of the anatomic variability. [12] [13] [14] 22 The common denominator of all bicuspid valves is the fact that there are only 2 functional and normal commissures; a third commissure is almost always present but reduced in height, that is, hypoplastic (Fig. 2) . [12] [13] [14] Fusion of 2 cusps is present by definition, and the 3 types of fusion (R/L, R/N, L/N) are well-known. The degree of cusp fusion in the area of the hypoplastic commissure varies and seems to be related to commissural height. 12 More important, the circumferential orientation of the commissures varies also and seems to be related to height of the hypoplastic commissure and extent of fusion. In other words, the spectrum of bicuspid valves ranges from a symmetric configuration with 180° orientation of the functional commissures with complete fusion to valves that have an almost tricuspid-like configuration with limited fusion. 12, 14 There is concomitant aortic dilatation of the tubular ascending aorta; dilatation may also involve the root.
These anatomic characteristics have important implications for aortic repair. A regurgitant BAV will almost always have a relevant degree of prolapse of the fused cusp in combination with annular dilatation. Repair has generally focused on plicating the fused cusp in its central portion to correct the prolapse. 2, 23, 24 This has led to relevant gradients and suboptimal durability in cases of asymmetric bicuspid valves; either modification of commissural orientation or a tricuspid-like repair approach have led to better durability. 25 A classification has been proposed, 26 which is not very helpful for repair since it does not account for the anatomic variability seen in the vast majority of the nonsymmetric bicuspid valves. 12, 14 In addition, that classification considers the unicuspid valve as a variant of the bicuspid, which is geometrically misleading. In decision-making for the optimal repair strategy, the anatomic variability must be considered, and a new classification has been proposed, which will facilitate the determination of appropriate repair strategies. 12 In effect, the best postrepair configurations in terms of hemodynamics and durability are either near-symmetric or tricuspid-like, that is, very asymmetric. The repair strategy will have to accommodate these aspects.
The unicuspid (and unicommissural) aortic valve is geometrically different from the bicuspid in that there is only 1 functional commissure, most frequently the L/N commissure. 27 The other 2 commissures are hypoplastic by definition, and there is cusp fusion adjacent to the rudimentary commissures (Fig. 2) . In addition, the cusp between the rudimentary commissures (usually the right cusp) is hypoplastic and dysplastic with marked fibrosis or calcification.
27,28 Aortic dilatation may be present, 29 similar to the aortopathy seen in the context of BAV anatomy. This aortopathy is frequently prominent in the tubular aorta but may include the root. Clinical observations indicate that the degree of fusion and hypoplasia of the commissures is highly variable, similar to the bicuspid valve. Because the echocardiographic features of the unicuspid valve are not widely recognized, it is frequently diagnosed as bicuspid. [15] [16] [17] Also surgeons frequently mistake unicuspid for bicuspid anatomy. 30 Irrespective of the repair approach chosen, the surgeon must recognize the unicuspid nature and include a commissural repair in order to achieve adequate function and durability. [31] [32] [33] The quadricuspid aortic valve (QAV) is rare; nonetheless, the anatomy is encountered in the context of truncus arteriosus and thus also important for the repair surgeon. It is characterized by 4 commissures and 4 cusps. The orientation of the commissures and size of the cusps may vary and different types have been described. 18 To simplify the anatomy, the 4 cusps may be of equal size or 1 or 2 cusps may be smaller than the others. Aortic aneurysm is probably rare in conjunction with QAVs, even though reliable epidemiologic data are not available.
Understand the Echocardiographic Analysis of the Aortic Valve
The goal of any successful aortic valve repair procedure should be normal or near-normal function of the aortic valve; near-normal form is the key prerequisite. In dealing with aortic regurgitation, and also in the context of aneurysm, there will be preexistent pathology that leads to regurgitation. It is important for the surgeon to clearly identify the preexistent pathologic anatomy including the mechanism of valve failure. Of all imaging options, echocardiography is the most important because it can give spatial and dynamic information. Recent observations indicate that 3-dimensional echocardiography will yield even better information. 34 Most surgeons rely on the interpretation of an echocardiogram by a cardiologist or a trained cardiac anesthesiologist. This interpretation may be correct; any interpretation and/or communication, however, may include misjudgment or misunderstanding. An example may be the question whether an eccentric jet directed toward the anterior mitral leaflet is due to prolapse of the right cusp or rather retraction of the noncoronary. It is helpful for the surgeon to see and understand the echocardiographic images herself or himself. This then leads to higher critical mass in the interpretation of the images and reduces the probability of misinterpretation. In addition, the surgeon is in the unique position to not only see the pathology documented by echo but also compare it to the results of the surgical assessment. It is this correlation between imaging and surgical findings that in my personal experience has created the strongest learning experience.
The analysis of the valve has to answer 2 questions: What is the underlying valve anatomy and what is the valve or root pathology and/or mechanism or regurgitation? The first question is best answered by carefully analyzing short-axis views. These will allow distinction between the different anatomic types. Equally important is the definition of the subtypes that are important for the choice of strategy, in particular, in bicuspid and quadricuspid valves. Thus in BAV, the commissural orientation and the degree of fusion will be important in order to determine the best postoperative configuration and the strategy to achieve this. In QAVs, commissural orientation will also be a relevant piece of information for the choice of procedure since bicuspidization, tricuspidization, or simply reduction of ST diameters are different repair options.
The second question, that is, pathology and mechanism of regurgitation, requires an integrated analysis of long-and short-axis views. After measuring aortic diameters at the standard levels (annulus, sinus, ST junction, tubular aorta), we first analyze the substrate, that is, cusp substance to determine whether the valve will be suitable for repair. Calcification must be documented if present (keeping in mind that echocardiography may underestimate its extent). Retraction is often a difficult substrate for repair; it is probably best quantified by measuring geometric height. 9 In echocardiography this may be difficult to do because it requires 3-dimensional echocardiography
34
; it is also difficult to interpret in BAV and UAV.
The determination of the mechanism of regurgitation will require distinction between cusp and aortic causes, that is perforation, retraction, or prolapse versus aortic dilatation. Perforation is the most easily determined pathology with a jet that arises from the body of the cusp. At times prolapse is easily seen on long-axis views; often eccentricity of the regurgitant jet is an indicator of prolapse, but it may also be related to retraction. Effective height can be determined by echocardiography, 7, 8 and an effective height of less than 8 mm in the presence of normal geometric height has been a reliable indicator of prolapse in our practice. One also has to keep in mind that with prolapse, the jet turns away from the affected cusp, while in the presence of retraction, the jet will be in the direction of the respective cusp.
The quantification of aortic dilatation as the mechanism for regurgitation is more difficult than suggested. 1 Of the 3 dimensions usually measured (ST, sinus, annular), probably ST and annular are the more important; it is not infrequent to see root dilatation up to 5 cm or more without relevant aortic regurgitation. In addition, different anatomic subtypes seem to be affected differently by aortic dilatation: ST dilatation can be the sole cause for regurgitation in TAV and QAV, while we have not observed this in BAV and UAV. The same applies to annular dilatation, even though this is almost always present in BAV and frequent in UAV. Even if the role of annular dilatation in the mechanism of AR is not always certain, it has a strong effect on repair durability 35 and valve competence. The determination of these dimensions will require integration of short and long axis. If done only in long axis, one cannot be certain that the measurements are made in the center of the root. In addition, annular shape may be oval, and measurement in a long-axis view may thus miss the true extent of annular dilatation. 34 
Do Not Trust Looks!
The importance of preoperative echocardiographic analysis cannot be overemphasized. On the other hand, echocardiography is only an imaging technique that has its own limitations. It is thus important that the surgeon systematically analyze the geometry of the valve that he sees in front of him when the aorta is open. 36 At times, and with experience, the surgeon will be ready to diagnose the mechanism of regurgitation at first look and will thus be ready to determine the necessary repair strategy. This may be the case in isolated cusp prolapse of a symmetric BAV or a TAV. In many instances, however, more factors may be involved in the mechanism and systematic measurements will help to obtain good information on the anatomy and pathology. Thus, a reliable assessment of the valve best integrates surgical inspection (Are all cusp margins at identical level? Is there adequate central coaptation?) with systematic measurements, integrating the findings with the echocardiographic analysis.
Stable exposure is key for the assessment. It is essential to avoid distortion of root geometry, and thus a horizontal incision is made in the aorta (1 cm above the ST junction) or the aorta is transected completely at that level. Under physiologic conditions the root is pressurized and the cusps are pushed toward the ventricle; the commissures are pushed outward. Once cardioplegia is given, the root collapses and the valve is distorted. This has to be compensated and can be achieved by placing stay sutures into the commissures. These are fixed under relevant tension to the skin of the chest wall, pulling the commissures upward and outward. 37 Careful maintenance of commissural orientation is essential! Determination of valve type is the next step. The pericommissural areas are inspected for possible fusion; commissural height is assessed. Since information on norms for absolute commissural height is limited, the relative height can be taken as surrogate parameter. BAVs or UAVs are characterized by hypoplastic commissures in the area of cusp fusion. 12, 14, 27 The definition of cuspidity through commissural height 12, 27 has been the most reliable parameter in our experience.
The cusp tissue is checked for integrity and quality. The presence of calcium in the cusp is often a marker of accelerated calcification; in most instances preservation of such cusp tissue will not be advisable. Fenestrations are not infrequent, in particular, in TAVs. 38 Their number, size, and location should be carefully noted. Fenestrations not involved in prolapse can usually be accepted and do not require correction. Fenestrations leading to prolapse-either through rupture or elongation of the thin marginal strand-will have to be dealt with. The presence of many fenestrations involved in prolapse should make the surgeon reconsider his plan of repairing the valve.
Apart from obvious abnormalities it has been helpful to quantify the amount of cusp tissue in order to determine whether sufficient tissue is available for repair. For the purpose the measurement of geometric height of the cusps has been found to be reproducible and helpful. 9 This should be done on all 3 cusps in a tricuspid valve. In BAVs we have done this only on the nonfused cusp because of the marked heterogeneity of the fused cusp in relation to degree of fusion and commissural orientation. 12 In a central European cohort, mean geometric height in tricuspid valves has been 20 mm 9 and the mean height of the nonfused cusp in bicuspid valves, 24 mm. 9 We have arbitrarily defined the lower end of normal as 17 to 18 mm in tricuspid and 20 mm in bicuspid valves. Feasibility of repair above these thresholds has been confirmed in clinical practice. In effect, geometric height is probably the most important parameter when determining postrepair root dimensions, such as annulus or ST junction. 39 Effective height is the only quantitative parameter for cusp configuration; its normal value is 9 to 19 mm or 45% of geometric height in TAV. 8, 40 It can be determined by echocardiography as well as intraoperatively with a caliper (MSS-1, Fehling Instruments, Karlstein, Germany). In order to obtain reproducible measurements it is important to have sufficient and equal tension on the commissural stay sutures and keep the axis of the caliper in line with the axis of the left ventricular outflow tract. In symmetric and asymmetric BAV the anatomic variability involves not only the degree of fusion and commissural orientation but also the level of cusp insertion; effective height is thus best determined only on the nonfused cusp. The free margin of this cusp will later serve as reference for the fused cusp. The very asymmetric BAV on the other hand is best assessed and treated like a TAV.
Finally, annular diameter is double-checked by intubation with a Hegar dilator or similar instrument. The preoperative echocardiographic determination of annular size may be misleading, in particular, due to the oval shape of the annulus in diastole. Many aortic repair surgeons take the size of the intubated annulus as the primary determinant when deciding for or against an annular reduction and stabilization procedure. Cutoffs vary between the groups, but an annulus of more than 26 to 29 mm is generally considered as dilated.
Decisions regarding ST junction can only be made on the basis of the transesophageal echocardiography measurements since it will collapse once cardioplegia is given. The importance of ST dilatation varies between the different valve types. Limited dilatation may lead to regurgitation in tricuspid or quadricuspid valves. The presence of a central jet and central coaptation deficit should make the surgeon wary of ST dilatation as the key mechanism of regurgitation. At this point clear size criteria are not yet available; a diameter of 3 cm may be too large in some tricuspid or quadricuspid valves.
The question of root replacement involves the sinus dimensions determined by echocardiography, the size of the patient, and the underlying morphology and function. In general, with a sinus diameter of 45 mm or more a good cusp repair result may be difficult to achieve. Adding root replacement will improve early and late results.
Identify Suitable Substrates
At times surgeons get the impression that (almost) all aortic valves are repairable or preservable when reading publications or watching experienced surgeons doing unusual or complex repairs. The published evidence indicates that a repair will be superior to replacement in terms of valve-related complications, maybe also life expectancy, if a stable repair result can be achieved. The performance of a certain repair procedure with an acceptable or good early result does not necessarily mean that the result will be durable! In other words, in order to achieve a durable result the surgeon must not only do a reproducible procedure with a predictable result, he must also select the adequate valve pathologies as substrates.
Calcium is a marker of advanced calcification and is associated with an increased probability of developing calcific aortic stenosis over time. Calcium may be present in the raphe of a bicuspid valve; it may be present in the rudimentary right cusp of a unicuspid valve. Calcific plaques may also present in other parts of bicuspid or also tricuspid valves. A calcified raphe is not an obstacle to subsequent successful repair if the calcium can be excised completely with subsequent direct adaptation of the remaining cusp tissue. If the amount of excised tissue is so large that a patch will have to be used as partial cusp replacement, the durability of a repair will be poor and replacement is the better option. 41 Having said this, the probability of developing relevant stenosis is approximately 20% at 10 years if some plaques are present at the time of repair 41 ; depending on the age of the patient this may be superior to the durability of a biologic prosthesis.
Retraction is generally a poor substrate for repair because of lack of cusp tissue and the possibility of progressing shrinkage over time. At this time the degree of retraction is best quantified by geometric height of the cusp, even though this does not quantify the degree of shrinkage along the free margin. Once a tool becomes available that allows measurement of the length of free margin, 40 this parameter could become another important decision-making tool. Fenestrations are not infrequent in TAVs; they are rare in bicuspid valves. If they occur without prolapse they are best ignored, since the valve will have a good prognosis. If involved in prolapse in tricuspid valves, they can be treated by closure with a pericardial patch 38 or a thin polytetrafluorethylene suture weaved into the free margin. 2 The latter approach sounds simply, but in reality increases the complexity of a repair because overcorrection is easy. We limit the number of fenestrations to be corrected to 1, at most 2. If more fenestrations require treatment, the quality and durability of the repair will very likely be suboptimal. In our experience the closure of fenestrations in BAVs has been associated with a high risk of failures even as early as in the first few weeks (data submitted). We now have a low threshold for replacement in the presence of several fenestrations requiring correction or fenestrations in the presence of a bicuspid valve. This relates to the suboptimal results obtained with autologous, glutaraldehyde-fixed pericardium. It remains to be seen whether new materials, such as matrix pericardium, will offer better degrees of freedom.
Endocarditic perforations are generally good substrates for repair if they are of limited size (<10 mm) and do not involve the free cusp margin. If the free margin is involved in the destructive process, the result of a repair will become unpredictable and generally replacement is the better option.
Commissural pathology may exist in different variants. There may be secondary fusion, which can easily be treated by commissurotomy if there is no relevant cusp retraction. We have occasionally seen local dissection of the root in a commissural area or localized inflammation and retraction in a commissure. We have attempted repair in a number of these scenarios and we have been generally disappointed with the results. Most commissural pathologies should thus lead to a low threshold of replacement.
Keep the Repair Simple and Reproducible
Certain principles of aortic valve repair are principally similar to mitral repair: For a reproducible repair procedure and a predictable result, the surgeon needs exposure that allows for reproducible assessment as the basis for a repair strategy. In mitral repair the choice of incision is important for adequate exposure. Besides a water test the valve is also analyzed systematically by visual means.
In the aortic valve the aortic incision should not interfere with root configuration. A transverse incision or transection of the root above the level of the ST junction is an important prerequisite.
The systematic assessment of the aortic valve must consider certain specifics. A principal difficulty in aortic valve repair is related to the fact that the form of the functioning aortic valve depends on the dimensions of the root under pressurized conditions. This is difficult in surgery when the aortic root is collapsed after administration of cardioplegia. Under pressurized conditions the valve will be pushed toward the ventricle and the root including the commissures will be pushed outward. This can be mimicked by placing commissural stay sutures and keeping them under tension. In doing so, it is important to maintain the original circumferential orientation of the commissures to avoid distortion of the root and valve. It is also essential to place the sutures under sufficient tension to pull the commissures upward and outward. Failure to do so will lead to distortion of the valve and inability to assess valve form before and after any repair procedure.
In this context, different details such as the initial incision and also the aortic exposure become important. Many procedures are currently propagated for limited incisions; such a limitation may have an effect on the exposure (upward and outward!) of root and valve and thus lead to distortion. We have observed that repair is possible through limited incisions, but this potentially introduces a systematic error. Also the level and type of aortic incision will have an effect on the reproducibility of valve assessment. It is best done in transverse fashion approximately 1 cm above the ST junction. Complete transection of the aorta may help in better maintaining commissural orientation; it also improves exposure for an external annuloplasty. It is a must if a limited sternal incision already limits the exposure to the aortic root. These considerations should be part of the overall strategy and the surgeon should carefully consider the consequences of limited incisions on the acute and long-term result of the planned operation.
Root repair is performed in standard fashion. Both valve reimplantation and root remodeling may be employed. We have relied primarily on root remodeling because of the shorter ischemic and operative times in the presence of valve stability equal to that of reimplantation. 41, 42 Annuloplasty may be added, either as suture annuloplasty or by implantation of a ring. It is important to keep in mind that any interference with the ST junction or root will have an impact on valve configuration. If root repair is necessary, we always assess cusp configuration after completion of the root procedure, and we will find some degree of cusp prolapse in most cases.
Cusp prolapse can easily be treated by central plication of the cusp tissue, a technique that we have consistently used for more than 20 years. This is best guided by measurement of effective height and additional visual assessment. Fenestrations involved in prolapse may be closed using a pericardial patch; any residual prolapse can then be eliminated by additional plicating sutures.
Assess the Repair Result Systematically
The moment you have completed the repair and closed the aorta, another important part of the procedure starts with its own rules and dynamics. In standard cardiac surgery the surgeon focuses on de-airing, removes the cross-clamp, and then simply waits for the heart to assume rhythm and contractility. This is principally also reasonable in aortic valve repair. On the other hand, despite having done a seemingly perfect operation, you have to be prepared for valve failure and its correction.
If residual aortic regurgitation is present, left ventricular distention may occur as long as the heart is not yet beating. It is thus important to establish an adequate rhythm soon in order to avoid the serious consequences of ventricular overdistension. At the same time, it is important to get a quick overview of aortic valve function. This consists of echocardiographic examination and clinical observation.
A long-axis view of the aortic valve will give a quick idea whether there is a relevant jet into the outflow tract. The cause of the jet may be a suboptimal repair procedure; it may also be due to folds and crimps of the cusp tissue, in particular, if cusp repair has been performed. As a rule of thumb any jet visible in the first few minutes of reperfusion will decrease until the end of the procedure because crimps will unfold with time and increased diastolic pressure.
If there is a jet it has to be studied carefully to determine severity and mechanism of regurgitation. The origin of the jet (mostly central) has to be visualized as well as its direction (concentric vs. eccentric). The severity of regurgitation must be quantified as precisely as possible, which may be difficult with intraoperative TEE. Jet length is not a reliable parameter in this context! Vena contracta and jet diameter in the outflow tract will best distinguish between relevant and lesser forms of regurgitation. In addition, clinical observation will be helpful. If the heart is not ejecting on cardiopulmonary bypass and the ventricle looks empty, regurgitation cannot be severe! If there is regurgitation, 2 important questions need to be answered: first, can the result be accepted or is reintervention necessary; second, if reintervention is necessary, should it be done as re-repair or, rather, replacement? The answer has to take the details of the repair procedure, the patient's clinical characteristics, and the type of alternative into consideration. We always reintervene whenever regurgitation is more than mild. For a rational approach it is important to stay calm even if there is seemingly relevant regurgitation; the details of the analysis will guide the next steps.
If at the end of the repair there was uncertainty whether residual prolapse, for example, of the right cusp, was still present and the echo analysis indicates indeed the presence of relevant prolapse, we will have a low threshold to reclamp and correct the prolapse that was not completely corrected. The same applies to assumed overcorrection; plicating the ST junction between the 2 respective commissures is an alternative if overcorrection, that is, restriction of a cusp is present. If regurgitation is mild and the alternative is a Ross operation in a young patient, we will often accept a suboptimal result. If the alternative is a mechanical or biological replacement, we will in most instances have a lower threshold for replacement.
The additional part of the echo analysis is left ventricular contractility, in particular, in a short-axis view. In root replacement a coronary kink may have been induced. In isolated aortic valve repair the annuloplasty may have led to interference with the left main coronary artery or the circumflex.
35 Both complications are rare and in incidence probably similar to circumflex-associated complications in mitral valve surgery. Nonetheless, their correct and timely diagnosis will help to eliminate the problem before relevant myocardial ischemia ensues.
If the initial echo assessment looks good, the operation can pursue in standard fashion. In particular, if there is only minimal regurgitation early after reperfusion and left ventricular function is good, you can assume that at the end of the procedure you will have achieved a near-perfect repair result.
Do Not Let Your Ego Determine the Patient's Fate (Carefully Consider the Alternatives)
The key question for every single patient is which variant of aortic valve surgery to choose. Repair is one of them, and under certain circumstances (predictability, durability) probably the best. There are typical scenarios of valve morphology and pathology that can be treated in reproducible fashion by a reconstructive approach. On the other hand, in many instances there will be uncertainty preoperatively or even in the operating room whether the result of a repair will be predictable and durable. Since the surgeon is the advocate of the patient while he is under anesthesia, decisions will have to be made that are in the best interest of the patient. The more thoroughly such decisions are prepared, the better they will be for the patient.
The obvious alternative to repair is replacement, either with a biological or mechanical prosthesis or with a pulmonary autograft (or homograft). The short-and long-term results with these different options vary and they also depend on patient characteristics.
The characteristics of a mechanical prosthesis are seemingly clear with excellent durability. The valve is not, however, the lifelong solution we like to think. There is an incidence of reoperation of roughly 1% per year in adults and somewhat higher in children. [43] [44] [45] Most importantly, valve-related mortality is approximately 1% per year. 44 To make things more complicated, the studies giving us the results of mechanical prostheses do not differentiate for patient compliance with anticoagulation. Compliance is an essential prerequisite for anticoagulation and its control. Real life shows us that there are personalities in whom the need for anticoagulation leads to disaster because the patients simply do not adhere to an anticoagulation protocol and its monitoring. These aspects may be responsible for the excess mortality observed in several studies with mechanical aortic valve replacement in children and younger adults.
The biologic prosthesis has become increasingly popular because of the absent need for anticoagulation. Its obvious main limitation is degeneration, which is age related. In the age of transcatheter aortic valve replacement (TAVR) it is often felt that a biologic prosthesis is an ideal substrate to be treated by catheter intervention once degeneration has occurred. In the past years, however, it has become increasingly evident that biologic replacement of the aortic valve will be associated with an excess long-term mortality. 46 This seemingly becomes less once the patient has reached the age of 70 years.
The Ross operation has gone through cycles in the past decades. It has the apparent disadvantage of being a more complex procedure and involving a second valve. The durability has not been uniformly good, 47 and seemingly suboptimal results have been obtained in patients with a BAV and regurgitation. 48 On the other hand, it has become clear that standardized technique with stabilization of the autograft will markedly improve the durability of this procedure. [49] [50] [51] The suboptimal results with BAVs have not been found uniformly. Most importantly, survival after the Ross operation has even exceeded that of replacement with an aortic homograft. 52 
Follow Your patients/Learn from Your Failures
It is important to remember that a repair is the better operation if a durable result can be obtained. Even though the surgeon can learn from the experience of others, the final message regarding selection and operative technique may not yet be out. In addition, both selection and operation involve subtle subjective components. You can utilize the existing information to enhance your learning curve, but a certain learning curve is unavoidable. Finally, your experience can and will contribute to the existing knowledge on aortic valve repair. You can, however, only achieve these goals only if you follow your patients. This will be gratifying if the result is good; it may be painful if you see failure and the later need for reoperation coming toward you.
Nevertheless, to quote a senior surgeon from whom I learned much, the success of surgery has to be judged by the long-term results that you see in your clinic.
Share Your Results
The term "swarm intelligence" has become en vogue in certain parts of life. It means that the combined critical intelligence of many individuals will have a better predictive value than the opinion of certain key opinion leaders. The same applies to surgery as long as collective intelligence does not mean that the words of a "leader" are simply followed without critical reflection.
As emphasized in the ninth commandment, you will unavoidably have a learning curve. As part of your experience you may be able to confirm what others have found before you. Just as well you may be able to find new solutions to old problems.
In order to increase the collective evidence it is essential that you present and discuss your experience with colleagues at meetings. In addition, you should make an effort to summarize your experience and publish it. This will help you in critically reflecting your own experience and it will help to advance this new field in cardiac surgery.
Conclusion
Aortic valve repair is not a specific operative technique, but rather the application of certain principles in the context of a specific philosophy. In order to be of benefit to the patient the surgeon must be able to select the right substrate and apply the appropriate operation in the best way. In order to avoid repetition of past mistakes it is thus important that the surgeon familiarizes herself or himself with the basics, such as normal anatomy of the aortic valve, echocardiography, and specifics of intraoperative decision-making that allow for a safe conduct of a successful operation. In order to choose the best procedure for the individual patient it is also essential to know details of the alternatives. Aortic valve repair has gone through a dynamic evolution in the past 10 years, and with more surgeons adopting this treatment principle it will become an important part of cardiac surgery in the future.
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